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Iceland	 		 Ecuador	 		 Italy	
Obs.	 0.05	 0.5	 0.95	 		 Obs.	 0.05	 0.5	 0.95	 		 Obs.	 0.05	 0.5	 0.95	
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	sumz-	 25.5	 11.0	 19.0	 45.0	
	
17.7	 8.2	 15.9	 27.2	
	
31.8	 26.6	 31.8	 41.6	
sumz+	 36.0	 5.0	 32.0	 90.0	
	
33.4	 0.0	 7.3	 68.5	
	
11.9	 0.0	 23.8	 31.8	
ncpa.bc	 25.5	 11.0	 32.0	 68.5	 	 17.7	 7.7	 17.7	 33.4	 	 30.3	 27.8	 31.8	 41.9	
	
Table	S1.	Threshold	indicator	taxa	analysis	results	for	the	three	regions.	Observed	change	
points	(Obs),	5th,	50th	and	95th	quantiles	of	bootstrapped	change	points	correspond	to	the	
value	resulting	in	the	largest	sum	of	indicator	value	(IndVal)	z	scores	for	z−		and	z	+	taxa.	
Threshold	Indicator	taxa	analysis	(TITAN)	or	nonparametric	change	point	analysis	(nCPA)	
thresholds	correspond	to	the	maximum	deviance	reduction	calculated	using	Bray–Curtis	
distance	(bc).	
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Table	S2.	Examples	of	unidirectional	(!)	and	bidirectional	("!)	linkages	that	are	likely	to	
arise	as	a	consequence	of	glacier	retreat	(cf.	Figure	4).	These	linkages	will	not	be	mutually	
exclusive,	leading	to	the	prospect	of	complex	adaptive	trade-offs	having	to	be	negotiated	
amongst	human	populations	that	are	affected	by	glacier	retreat.	
	
Ecosystem	service	linkages	 Implications	
Changing	water	sources	!"	
Artificial	snow	
Retreating	glaciers	and	snow	packs	leads	to	a	need	for	
artificial	snow	to	maintain	the	winter	sports	industry	
adding	further	pressures	on	water	resources	[105]	
Changing	water	sources	"	
Landscape	
Development	of	new	storage	facilities	further	alters	
landscape	character	[96]	
Changing	water	sources	!"	
C	cycle	
New	reservoirs	may	release	more	CO2/CH4,	adding	
further	to	water	source	changes	due	to	climate	change	
[116]	
Changing	water	sources	!"	
Hazards	
Receding	glaciers	may	lead	to	more	extreme	droughts,	
with	a	response	being	the	development	of	more	storage	
facilities	to	mitigate	against	the	effects	[12]	
Changing	water	sources	"	
Agriculture/Fisheries	
Altered	river	flows	lead	to	changes	in	water	supply	for	
irrigation	and	fisheries	[90]	
Changing	water	sources	!"	
Water	quality		
Pollutant	release	from	glacier	stores	may	degrade	water	
sources	for	drinking/irrigation	users;	reservoirs	can	alter	
river	thermal	and	sediment	regimes	[24]	
Food	supply	!"	Cultural	 Loss	of	water	for	agriculture	could	mean	a	need	for	
populations	to	migrate,	leading	to	a	reduced	need	for	food	
supply	services	from	these	rivers	[12)	
Water	quality	"	Fisheries	 Warmer	thermal	regimes	may	be	detrimental	to	some	fish	
species	[51,	75]	
Water	quality	"	C	cycle	 Elevated	nutrients	may	enhance	carbon	cycling	[36,	42]	
leading	to	positive	or	negative	feedbacks	that	alter	
thermal	regimes	or	nutrient	loads	[40]	
Hazards	"	Water	Quality	 Low	flows	can	lead	to	excessive	water	temperature	[30];	
landslides	often	deposit	large	amounts	of	sediments	in	
rivers	
Hazards	"	Landscape/Social	 Landslides	and/or	outburst	floods	will	alter	existing	
landscape	character	or	make	some	areas	unsafe	for	
habitation	[28,	29,	32]	
Hazards	"	Amenity/Tourism	 Droughts	reduce	ability	for	artificial	snow	generation;	
landslides	may	make	some	areas	dangerous	for	tourism	
[32]	
	
